Although many various models have been improved in order to form human features of Acute Respiratory Distress Syndrome (ARDS) in animals, there is no single animal model that satisfactorily exhibits all of the histopathological components of human ARDS. Therefore, when choosing an ARDS animal model, it is important to consider the ARDS key property to be tested as a study hypothesis and choose the most appropriate model that can display that property. After mentioning the reasons and physiopathology of ARDS briefly, the purpose of this review is to summarise the most common experimental animal models and the features of these models.
INTRODUCTION
Acute Lung Injury (ALI) is an acute and persistent lung inflammation accompanied by increased vascular permeability. The more severe and advanced form of ALI is defined as Acute Respiratory Distress Syndrome (ARDS). ALI/ARDS was first described by Ashbaugh et al. (1) in 1967.
For acute lung injury/acute respiratory distress syndrome, the definitions that had been made at American-European Consensus Conference on ARDS in 1994 were used until 2012 Berlin definition (2, 3) . The main alteration of the Berlin definition is the addition of a minimal ventilator setting as well as the removal of the term "acute lung injury" and the pulmonary artery wedge pressure criterion. Accordingly, the following are the primary clinical features used to diagnose ARDS:
To date, more than 60 causes of ARDS have been identified. However, epidemiological studies have shown that in most cases, several prevalent causes may be effective alone or in combination. The most common causes of ARDS are sepsis, pneumonia, aspiration of gastric contents, trauma, and urgent transfusions. Furthermore, overdose medication (aspirin, cocaine, opioids, tricyclic antidepressant drugs, and radiographic contrast agent), cardiopulmonary bypass, pneumonectomy, and acute pancreatitis are among the rarer ARDS causes (6) (7) (8) (9) (10) .
Acute respiratory distress syndrome is non-cardiogenic pulmonary edema secondary to increased permeability. In ARDS, accumulated alveolar edema is mainly caused by a damaged alveolar (epithelial)-capillary (endothelial) barrier and increased permeability. Acute respiratory distress syndrome is an acute clinical condition that may occur when the lungs are subjected to various factors via airways and circulation. At the American-European Consensus Conference, ARDS was defined as inflammation and increased permeability syndrome and it was suggested that the damage to the alveolar-capillary structure was caused by aggressive inflammatory reactions (2) .
In a healthy lung, circulation is organised to ensure that there is very little fluid in the interstitial space and to prevent accumulation of fluid in the alveoli. The oncotic pressure of intravascular proteins and tight junctions that prevent leaking in the alveoli along with interstitial lymphatics preserve this balance. However, as a result of lung injury, these mechanisms collapse and excessive accumulation of fluid in alveoli and interstitium takes place; in the meantime, proteins start leaking out of vessels into the alveoli and interstitium. Once this accumulation exceeds the capacity of the interstitium and lymphatics to drain, the alveoli are filled with bloody, proteinosis edema fluid and dead cells. As a result of surfactant dysfunction, since surface tension cannot be decreased, alveoli collapse. Eventually, pulmonary compliance decreases, breathing becomes laboured and the subsequent deterioration in oxygenation takes place, before respiratory distress presents itself. This pathophysiological process results in severe respiratory distress (4, (10) (11) (12) .
Complicated processes that develop in acute lung injury begin following a triggering event after some cellular and chemical mediators become activated. These mediators cause free oxygen products and toxic enzymes to emerge for tissues that are released from cells, especially from neutrophils. In the end, a sequence of events leading to alveolar and capillary damage begins. Whatever the situation that initiated the event is, it is remarkable that the pathological changes do not differ. Various biological processes such as inflammation, apoptosis and thrombosis take active roles in the pathogenesis of acute respiratory distress syndrome (5, 9, 11) .
For incidents that develop in the pathogenesis of acute respiratory distress syndrome, it is thought that numerous cellular and biochemical mediators play a role. It is known that cytokines, which are activated by stimulated complement-mediated neutrophils, play a major role. As a response to various stimulants, proinflammatory cytokines such as TNF-alpha, interleukin-1, interleukin-6 and interleukin-8 are secreted. Proinflammatory cytokines can be generated from inflammatory cells in the lungs, fibroblasts and epithelial cells of the lungs. Afterwards, substantial neutrophil accumulation takes place in the lungs and these cells become activated and secrete toxic mediators such as reactive oxygen derviatives and protease, which lead to capillary endothelial and alveolar epithelium damage. Like neutrophils, proteolytic enzymes and reactive oxygen derivatives are secreted from alveolar and interstitial macrophages in the lung tissue, which causes tissue damage. Activated arachidonic acid metabolites (platelet activating factor), tromboxane-A 2 (TXA 2 ), and leukotriene-B 4 (LTB 4 ) cause increased permeability and cellular damage. Nitric oxide (NO), which is generated in many cells, especially in sepsis, is a strong endogenous vasodilator; with increased permeability and reactive oxygen species, it plays an active role in alveolar and capillary damage (9, 11, (13) (14) (15) (16) (17) (18) . None of the processes that have been identified to date are entirely responsible for the development of ARDS alone and it involves complicated relationships that cannot still be exactly explained.
ALI/ARDS Experimental Models
The studies that have been performed for ARDS in humans give vital information about the onset and development of physiological and inflammatory changes in the lungs. This information enables hypotheses on injury mechanisms to be developed; however, for critically-ill patients, the presence of a wide range of clinical variables, which is difficult to control, has proven that testing these hypotheses on humans is extremely challenging. Animal models lay a bridge between patients and laboratory findings. On the other hand, the criteria of the "American-European Consensus Conference on ARDS" cannot be applied directly to animal experiments. Procedures such as arterial blood gas, chest radiography, cardiac echography and even catheterisation can be implemented on small experimental animals, but procedures can be performed only in a few laboratories. In addition, these measurements may be impossible to make for many experimental methods. Another approach to identify ALI in animals is using the histopathological criteria observed ALI in humans. However, there is no experimental animal model that completely imitates inflammatory infiltration, alveolar wall thickening, and hyaline membrane formation with characterised diffuse alveolar damage determined in human ALI.
There are 3 key pathological features of human ALI and ARDS. The components of this pathological trio are a neutrophilic alveolitis, hyaline membrane accumulation and microthrombus formation. An ideal "ALI/ARDS animal model" is a model that is formed by this pathological trio. Nevertheless, there is no ideal model that completely imitates human pathology and involves all of these features (19) . Lacking one of these factors does not mean that this model is not a form of acute lung injury. In animal models, which pathologies make that model an "experimental acute lung injury" or determining whether a medication that fixes one of the damages in pathogenesis but is ineffective to the others (e.g. effective for decreasing neutrophil migration to lungs but ineffective in permeability) can prevent lung injury or not is debatable. Besides, it is challenging to make comparisons because of the diversity of tests used by researchers (20) . Thus, in experimental studies, it would be a better approach to choose the model in which the effects of the factors that you want to study are activated.
What should be done with animal models? 1. The animal models should imitate one or more physiological and pathological mechanisms and the outcomes of human ALI (detection of rapid development process measured in hours, gas The factors pertaining to animal experimental models mentioned here cannot be fulfilled completely, so there is no experimental animal model that exactly imitates ALI/ARDS observed in humans. In this case, the question is how many of these factors are necessary for the animal in order to diagnose ALI. This is a complicated situation, with no right or wrong answer and it depends on many factors including the criteria specifically for the experimental model (20) . One of the underlying reasons for not being able to imitate human pathology is the biological differences between humans and animals.
Various animal species are used in order to study lung injury mechanisms, but in terms of response given to the injury, especially given to microbial structure, some vital and sometimes major differences are detected among animal species. Here are some examples related to species differences for immune response:
1. Toll-like receptor (TLR) differences; TLR4, responsible for the detection of microbial structures, can detect different lipopolysaccharide (LPS) structures in humans and mice. Similarly, for TLR2, 3, 7, 8 and 9, species differences are present (21).
Species differences in mononuclear phagocytic system (MPS);
this system consists of macrophages and monocytes. Intravascular macrophages directly encounter microorganisms, endotoxins and circulating particles and destroy them. Circulating macrophages show differences between species. In most species, intravascular macrophages are restricted to organs like the spleen and liver (splenic macrophage, kupffer cell). However, some species' lungs have mature pulmonary intravascular macrophages (PIM), which are non-migratory cells adherent to the endothelium in pulmonary capillary. Bovines, swine, sheep, cats, goats, horses, and marine mammals have PIM (22) . While for species with PIM, particles and LPS are localised in the lungs, in species without PIM, the particles are localised in the spleen and liver (dogs, rats, mice, rabbits, non-human primates). Studies have shown that PIM is not a part of MPS in normal individuals (23) . When PIM depletion is performed in bovines, it is observed that endotoxin-mediated lung injury decreases (24) . Thus, it can be concluded that the presence of PIM increases susceptibility to lung injury. These results should be taken into consideration when creating an animal model for human lung injury. 3. Nitric oxide (NO) differences among species; NO takes an active role in lung injury pathogenesis. For rodents and humans, the ability to produce NO varies significantly (19) . While rodent macrophage produces a great deal of NO, for humans, unactivated macrophages produce very little NO. Bovine macrophages produces NO, but just like humans, hamster, monkey, goat and swine macrophages produce very little NO (25). 4. Differences in chemokines and chemokine receptors; CXCL8/IL-8 is a powerful neutrophil chemotactic factor and takes an active role in ALI pathogenesis. CXCL8 and the related CXC-chemokines are produced in all species against bacterial products. There is no CXCL8 gene in rats and mice, but two related CXC-chemokines are produced [KC and macrophage inflammatory protein-2 (MIP-2)]. They have more equivalent arrays than CXCL1-3/GROα, β and γ with CXCL8 in humans. It is thought that they are functionally homologous with CXCL8 since they play critical roles in lung neutrophil involvement (19, 26) .
The differences like these between humans and other species may negatively affect the clinical correlation of the experiments that we perform. As a result, as noted below, experimental models' simulation of human pathology and the follow-up process become difficult (19, 20, 27 ).
1. Experimental models generally have milder pathology compared to human pathology. 2. The monitored period is shorter the formation of pathology takes hours or days in humans. In this case, the difficulties concerning monitoring are involved. The species and the size of the animal may cause differences in application. 3. Therapeutic agents in experimental studies are given before the onset of ALI/ARDS, whereas the clinical diagnosis and treatment of ALI/ARDS is delayed. 4. Animal experiments are performed on young animals; however, human patients are mostly elderly and may have many medical problems such as diabetes, coronary artery disease, kidney or liver failure. 5. Biochemical markers (parameters, tests) measured in bronchoalveloar lavage fluid (BAL), plasma and edema fluid may not correlate with their biological activities (markers may not correlate with clinical diagnosis and pathogenesis, while these factors take part in extracellular transmission, they may not be released extracellularly and may not be measured).
Numerous different model strategies have been improved in animals to create human ALI features. It is possible to divide these models into two groups as direct or indirect lung injury models (Table 1 ) (28).
The models of direct lung injuries caused by injurious stimulus:
This group involves intratracheally or intranasally bacteria or a bacterial yield such as LPS; acid yield such as hydrochloric acid (HCl) or gastric particle to create an acid aspiration; oxygen yield in high inspired fraction; surfactant depletion via rapid lavages with 0.9% sodium chloride (NaCl); forming ischaemia/reperfusion by clamping hilus or exposure to mechanical stress via mechanical ventilation at high tidal volumes (19, 20, 28) .
Indirect lung injuries: this category generally includes models based on the formation of sepsis. Some of them are caecal ligation and puncture, intravenously bacteria or LPS yield and mesenteric ischaemia/reperfusion models. This category also includes oleic acid depending on formation of oleic acid keratosis from bone marrow for patients with multiple bone fractures (19, 20, 28) . Acute lung injury that is created by intraperitoneal application of ANTU (α-naphthyltio urea), a rodenticide medication, is also an appropriate approach for indirect lung injury (29) .
Combination models: In order to create a similar human ALI/ARDS model, various injury strategies can be combined. The most common strategies are the performance of mechanical ventilation following 0.9% NaCl lavage or the formation of hemorrhage following caecal ligation/puncture operation (19, 20, 28) .
There are 3 vital points in animal models for human respiratory distress syndrome:
1. There is no animal model that completely exhibits all pathological findings of human ALI/ARDS. Although all of the components of ALI/ARDS pathological trio are exhibited, these are generally milder findings compared to human ARDS.
2. The effect of models on each ALI/ARDS pathological trio component is different. For instance, while neutrophilic alveolitis is significant in some models (like the model where LPS is yielded into the lungs), the main feature is an increase in intraalveolar proteinosis material (like the lung ischaemia/reperfusion model) in other models. 3. Sepsis models frequently progress with increased neutrophil accumulation in the pulmonary vasculature and a slight increase in intraalveolar content, but intraalveolar neutrophils with PMN infiltration or protein accumulation is less. In other words, in sep- 
models, lung injuries are primarily localised in vascular and interstitial compartments and the alveolar space is less affected.
Model Selection
As mentioned previously, there is no single model that satisfactorily exhibits all of the histopathological components of human ALI/ ARDS. Therefore, when choosing an ALI/ARDS animal model, it is important to consider the ALI/ARDS key feature that is to be studied with a study hypothesis and then select a model that can exhibit those features (Table 2 ) (28). For example, if the researcher is working on neutrophil influx into the lungs, a model characterised primarily with alveolar neutrophil, such as LPS yield, should be selected. On the contrary, if the researcher is interested in mechanisms of epithelial damage, a model characterised by significant hyaline membrane formation such as lung ischaemia/reperfusion or the acid yield model should be preferred.
Another important point to consider in model selection is selecting animal species. There are some advantages of mouse models. Having numerous genetically modified species allows mechanism studies. However, due to their small size, physiological studies are very difficult, or even impossible. Another problem is that mice are different from humans in many aspects. For instance, mice lack IL-8, but for humans, it is the most important neutrophil chemoattractant. Bigger animals like swine and rabbits have IL-8 and are ideal for complex physiological measurements, but they are rather costly (28) .
Experimental Models
Acid aspiration: Gastric content aspiration is an important risk factor for ARDS (30, 31) . The main factor that causes injury in gastric content is low pH. Because of that, hydrochloric acid (HCl) is used to create lung injury in animals. A lot of factors, such as low pH, high osmolarity, food remains in aspired oropharyngeal and gastric content and bacterial products may play an important role in aspiration-induced human acute lung injury pathogenesis (32) . Acid damage is created by injecting HCl directly to the trachea or bronchus while the animal is mechanically ventilated. Although hydrochloric acid is rapidly hydrolysed in the lungs, HCl concentration affects the degree of lung injury (28) . For most studies, at a concentration of 0.1 N, HCl (up to 0.5 N) has been used. Because the pH value that is used is generally lower than that of the gastric juice of intensive care unit patients (mostly between pH 3 and 4), another approach is to titrate 0.3% NaCl with HCl until the pH is 1.2-1.5 and to obtain a closer result in terms of both pH and osmolarity (19, 28) .
Low pH acid aspiration is a neutrophil-mediated lung injury. It is characterised by damage in the airway and alveolar epithelium; damage takes place in type I alveolar epithelium and then a repair phase progresses with type II proliferation of alveolar cells. The characteristics of the injury are necrotic areas, neutrophilic inflammation, alveolar hemorrage, intra-alveolar and interstitial edema with impairment of alveolar fluid clearance (31, 33) . This acute inflammatory response is followed by a fibrotic response which starts approximately one week after the application. Yielding HCl to the airway is characterised with pulmonary artery pressure, pulmonary vascular resistance, shunt fraction and increase in dead space following a rapid increase in airway resistance. While pulmonary capillary wedge pressure and heart rate remain unchanged, cardiac output and mean arterial pressure either remain unchanged or decrease. Main systemic outputs are neutropenia and thrombocytopenia. Lung injury is physiologically characterised with lung compliance and lung volume reduction (19, 28) .
Sepsis:
It is one of the main risk factors of ARDS (30) . In order to create sepsis, three major applications are performed (19): 1) injection of live bacteria (administration route, amount, bacterial strain, animal species are important parameters), 2) development of endogenous infection (e.g.: caecal ligation/puncture), and 3) injection of bacterial structures (e.g. endotoxin).
Intravenous bacteria injection:
Administration of bacteria can be performed via bolus or permanent infusion (34 (19, 35) . If bacterial settlement is not high, alveolar epithelium is relatively resistant and low levels of neutrophilic alveolitis and intra-alveolar edema formation are observed. Thus, experimental bacteraemia cannot have all of the histopathological findings including hyaline membrane formation and epithelium damage of ALI/ARDS. On the other hand, the relationship between bacteraemia, sepsis and ARDS is not clear. Although sepsis is a major risk for ARDS, bacteraemia is detected in less than 50% of clinically diagnosed sepsis patients and when detected, the bacteraemia that is observed is much milder than in most animal models (36) .
Lung injury secondary to peritonitis -caecal/ligation/puncture:
In the caecal ligation/puncture (CLP) method, the caecum is ligatured and punctured 3-5 times with a needle (19, 37, 38 CLP leads to a lung injury similar to ALI/ARDS, but intraalveolar inflammation and hyaline membrane formation is less dominant.
Most probably, CLP is the only and best organ injury model for sepsis. However, it has some disadvantages like requiring a major surgery (39) . Furthermore, the real bacteria inoculum is not known in CLP and it can be affected by the colonic flora among the selected animal models; this situation may cause significant differences in test results.
Endotoxin/lipopolysaccharide (LPS):
Lipopolysaccharide is a glycolipid and is located on the outer membrane of gram-negative bacteria. Also, a large part of the biological effects of LPS result from lipid A, which is a part of its content, and LPS has a purified glycolipid structure. In serum, LPS binds to a specific lipopolysaccharide binding protein (LBP) (19) . LPS/LBS complex activates monocytes, macrophages and the CD14/TLR-4 receptor complex that is located on other cells and triggers inflammatory mediator production. LPS is an important mediator for gram-negative bacterial sepsis. The administration of systemic lipopolysaccharide is one of the first approaches to form a bacterial sepsis model.
Lipopolysaccharide can be directly and intratracheally administered in an aerosol form, with intranasal deposits or via tracheostomy or endotracheal catheter. Following intravenous lipopolysaccharide administration, the origin of the damage is capillary endothelium; endothelium cell apoptosis occurs rapidly and this is observed before the other tissues are damaged. In this period, while leukopenia, and a decrease in cardiac output and arterial pressure are observed in hemodynamic parameters, pulmonary arterial pressure increases. This lag-phase continues with the development of the number of leukocyte and hemodynamic profile. The changes in the lung become significant within 2-4 hours and hypoxemia is observed. With LPS, histopathological findings of the injury that takes place in the lungs are characterised by diffuse interstitial edema and alveolar exudate formation (20, 40, 41) .
The optimal dose of lipopolysaccharide depends on the bacteria strain and type, and should be determined individually before the study. Animal species, type of LPS, and whether the animals have PIM or not are important factors in lipopolysaccharide-induced lung injury. While low amounts of LPS create pulmonary inflammation in sheep, swine, and cats, it cannot create the same in rodents and dogs. When there is PIM in the animal, even the lowest doses of LPS can create sepsis and lung injury. For animals without PIM, a higher dose of LPS is required. Similarly, there are differences among animal species. For example, while BALB/c mice are very sensitive to LPS, C57BL/6 mice are more resistant. The lung's response to lipopolysaccharide also depends on LPS type. LPS that is created from bacteria with colonies containing O-chain is less pyrogenic, whereas for bacteria without O-chain, it is more pyrogenic. Lipopolysaccharide preparations can be contaminated with structures like bacterial lipoproteins, and this can change the biological effects of LPS (other TLRs are affected by TLR4 which is a LPS receptor). Lipopolysaccharide is quite an appropriate method to study the effects of gram-negative bacteria infractions on humans and animals. It is easy to perform and has high reproducibility rates for test results. It is a potent activator of the immune system and in vitro conditions, toxicity on cells is low. In addition, LPS provides information on the effects of inflammatory responses in bacterial infections. However, this method has some disadvantages, too. The purity of lipopolysaccharide preparations varies, it can be contaminated with bacterial lipoproteins and other bacterial structures. Endothelium and epithelium damage created by lipopolysaccharides is not as severe as in human ARDS. Also, compared to the effects of live bacteria on the lungs, LPS creates an incomplete bacterial damage (it does not contain toxic factors produced by bacteria). In addition to LPS, endotoxin contains a small amount of cell wall proteins, lipids, lipoproteins, and polysaccharides.
Ischemia/reperfusion models: Ischemia/reperfusion (I/R) that takes place in the lungs or remote vascular beds causes lung tissue damage (19) . The classical form of lung I/R is a lung injury that develops after a lung transplantation and is a "replacement" response. This response is characterised by non-cardiogenic pulmonary edema, inflammatory infiltrates and hypoxia, and is not related to rejection. Lung injury may also develop after the I/R of extrapulmonary remote areas. For instance, thoracoabdominal aorta aneurysm repair takes an active role in organ I/R; afterwards, ALI may develop. Alveolar epithelium and capillary endothelium are affected in such damage.
Eurasian
Lung ischemia/reperfusion: lungs are provided with blood by two separate vascular systems (pulmonary and bronchial circulation). Ischemia can be formed by clamping the pulmonary artery; in this case, bronchial circulation is protected, and if the hilum is closed, whole circulation stops. An interesting aspect of this model is that I/R in one lung causes inflammatory responses in the other lung. The other lung has slight damage and is characterised by permeability changes and PMN infiltration (19) .
There are five main parameters to be considered in pulmonary I/R: 1) Aeration of lung; whether the lung is inflated. If the lung is inflated during the ischemia period, damage decreases; apart from that, atelactasia during the ischemia period causes severe damage (characterised by hemorrhage, edema, and inflammation). Aeration of the lung may also decrease reperfusion injury. 2) Size of the ischemic bed. Failure of one of two systems that provide lung perfusion causes less damage compared to the failure of both. 3) Duration of ischemia/ reperfusion. The duration of both ischemia and reperfusion have an effect on the degree of lung injury. Elongation increases the injury. 4) Experimental preparation. I/R can be performed in vivo or in isolated lung preparations. In vivo models may also enable the study of secondary changes that take place in the other lung. 5) Animal species differences. I/R injury results vary among species. The animals used mostly in pulmonary I/R are rabbits, and rats, and dogs. Apart from these animals, sheep, swine, and cats have been used too. Lung I/R is characterised with increased pulmonary vascular permeability and edema, PMN infiltration and sometimes hemorrhage. If the lungs are atelactasic during the ischemic period, and if both pulmonary and bronchial circulation are blocked, lung injury may be more severe.
Extrapulmonary ischaemia/reperfusion: this model is mostly used for rats and mice, but there are also studies that have used rabbits and sheep as well. The model varies depending on the anatomical area (intestine, liver, kidney, hind limb) that underwent ischemia and the duration of ischemia and reperfusion. Lung injury depends on not only the duration of ischemia on these areas and the size of the area that is worked on. Therefore, unless a second intrapulmonary stimulus is added, lung injury is milder. The superior mesenteric artery is the most used vessel for large animals, hind limb ischemia is performed on mice (40, 42, 43) . Generally, the systemic responses observed after I/R are characterised by cardiac output decrease, hypotension, metabolic acidosis and PMN activation. In this model, lung injury depends on the circulated PMNs and proteinaceous alveolar exudates are also observed in lung injury. The advantage of this method is that it imitates the human clinical condition. On the other hand, the I/R of extrapulmonary vascular beds cause a milder lung injury; in order to obtain a more severe injury, a second stimulus is required.
Oleic acid: Oleic acid is the most commonly found free fatty acid in mammals. It is also seen in approximately 50% of total fatty acids observed in the pulmonary emboli of patients who had long bone trauma. This model is improved to imitate lipid emboli. Lipid emboli is mostly observed as a result of long bone fractures or major traumas (19) . Oleic acid directly causes endothelium toxicity. After intravenous administration, endothelium damage starts within a minute. In type I cells, endothelium damage is followed by inflation and necrosis (44) . Then, 30 minutes after administration, oleic acid may be detected in the airway. Although the damage mechanism is not known, direct membrane damage appears to be effective.
It is soluble in ethanol or emulsifiable in the blood before application. It can be administered through peripheral or central veins or can be administered directly into the right atrium or pulmonary artery. Since vascular access is required, it is preferred for use in rats or larger animals. With a single dose of oleic acid, maximum ALI is obtained at the 12 th hour and towards the 24 th hour the effect diminishes. Repeated doses cause fibrosis. It is characterised by necrosis and microvascular thrombosis in the acute phase and followed by a repair phase in which the proliferation of type II cells and fibrotic focus is developed in subpleural spaces. Neutrophilic infiltration is present, but the injury is not dependent on it, endothelium damage plays a critical role. The major advantage of this model is that it can be repeated. The disadvantage is that it requires i.v. administration and experience is needed on animals such as mice. Other disadvantages are the low incidence of lipid injury-induced ARDS and long bone fractures in humans and the fact that the similarity between the injury in this model and sepsis or injuries like aspiration cannot be shown. Since it is a rare ALI/ARDS cause in humans, it is less preferred in mechanism and treatment studies.
Alpha-naphthylthiourea (ANTU):
ANTU is a chemical agent developed as rodenticide (29, 40, 45) . It has been determined that it develops ALI depending on the dose and time. Morphological studies performed in electron and light microscopy have shown that the target structure in lung injury mechanisms of ANTU is capillary endothelium cells (46) . Endothelium damage causes the elimination of endothelium barrier function and consequently leads to interstitial and alveolar edema development. In a standard experimental model, when the animals (mostly rats and mice) are administered ANTU intraperitoneally, within 4 hours, pulmonary edema and pleural effusion develop reaching a maximum level (47) (48) (49) (50) . The severity of this damage depends on the dose and time. Edema either disappears within 24-48 hours or develops and causes the death of the rodents (40).
Mechanical Ventilation:
Studies have shown that mechanical ventilation may cause pulmonary inflammation and lung injury in animals (ventilator-induced lung injury-VILI) (19, 41) . The mechanical ventilation model is the only model affected by clinical application performed in humans. Many animal models are created by imitating human ARDS risk factors. However, VILI stems from a treatmentmechanical ventilation. For those people who have clinical risk factors of ARDS, mechanical ventilation is added to the ongoing inflammatory process in the lungs. It is necessary to separate the ventilator-induced lung injury (the only reason of lung injury is mechanical ventilation) from ventilator-related lung injury (ventilation modifies a cause such as sepsis or acid aspiration). VILI causes mechanical stretching and direct tissue damage via specific intracellular pathway activation. Excessive stretching of the alveolar walls cause endothelium and epithelium damage with interstitial edema. On the other hand, hyaline membrane development and increased permeability requires PMN presence; this shows that in mechanical ventilation-mediated injury, in addition to mechanical injury, inflammatory damage is also required. High level tidal volume ventilation results in alveolar hemorrhage, hyaline membrane formation, neutrophilic infiltration, decrease in compliance and gas-exchange abnormalities. The main advantage of this model is that it is clinically relevant and it provides opportunities to make changes in clinical practice. The disadvantage is that it is a complex model. Furthermore, animals such as mice can be ventilated for a short time, whereas patients in clinics need mechanical ventilation for days or even weeks (19 (19, 51) . Normally, the resulting small amount of superoxide and hydrogen peroxide is removed by antioxidant enzymes such as superoxide dismutase, catalase and glutathione peroxidase. In the case of hyperoxia, mitochondria and other organelles produce increasing amounts of superoxide anion and this amount exceeds the capacity of antioxidant enzymes and depletes cellular glutathione. Additionally, superoxide anion reacts with NO and creates peroxynitrite which is a potent oxidant molecule. The accumulation of these molecules leads to oxidation of proteins and peroxidation of nucleic acids with membrane lipids. Cellular injury mechanism appears as the combination of necrosis and apoptosis. Exposure to normobaric oxygen causes an exudative phase in lungs within 3-4 days which is characterised by the death of alveolar type I cells, inflation of endothelium cells and necrosis, interstitial edema, and alveoli being filled with exudative fluid. In the proliferative phase, proliferation of type II pneumocytes and endothelium cells is observed and they cover the alveolar basal membrane. In rats and mice, exposure to 100% oxygen for 40-50 hours results in ALI, if the time is prolonged (60-70 hours), death occurs. It has been observed that sensitivity to hyperoxia varies among animal species (52, 53) .
Surfactant deficiency (depletion of surfactant with saline lavage):
Repeated saline lavage decreases surfactant lipid concentration in alveolar surface fluid and changes alveolar surface tension (54) . Pulmonary surfactant is a structure with many important functions and consists of a mixture of protein and phospholipids. By decreasing surface tension, surfactant prevents the collapse of alveolar spaces in low pulmonary volume. In addition to stabilising surfactant, surfactant proteins also modulate the immune defence of the lungs. In this model, cold isotonic saline solution (0.9% NaCl) was administered to the lungs through instillation and taken back by aspiration. Lavage activity was continued until the desired level of hypoxia was reached. Some researchers add mechanical ventilation to this model (at high volume and end of PEEP-expiration, without positive pressure), which creates a very similar lung injury to the human lung injury observed in ARDS. Pertaining to the connection between surfactant decrease and lung injury, two mechanisms are considered. One of them facilitates alveolar collapse and creates mechanical damage through the repeated expansion and contraction that occurs during mechanical ventilation; the second one is alveolar host-defence mechanism injury. Lung injury is dependent on PMN and is characterised by increased protein permeability, PMN infiltration in the interstitium and airway, increased cytokine production, and hyaline membrane formation. Except in newborns, surfactant deficiency is not a reason for ALI/ARDS but a result. The reason for surfactant abnormalities in ALI/ ARDS is alveolar epithelium damage and exudation of protein-rich edema fluid into alveolar spaces. Saline lavage causes the depletion of surfactant without any major damage in alveolar epithelium. If saline lavage is followed by mechanical ventilation, epithelium injury occurs. The most important disadvantage of this model is that it requires intubation, mechanical ventilation and general anaesthesia, while the advantage is that it provides the opportunity to study the effects of different ventilation strategies on tissue damage (19) .
CONCLUSION
Although none of the available animal models can exactly imitate human pathology, these models are necessary to understand the pathophysiology of ALI/ARDS and improve new treatment strategies. The clarification of the criteria related to defining lung injury in animals will allow the development of animal models in conformity with the specific experimental protocols and enable to perform more detailed analysis of the data gathered from different animal models.
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